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METHODS
Twenty cats, weighing 2.5-3.5 kg, were used. These were anesthetized with ether under open drop method and fixed with the aid of a stereotaxic instrument. An occipital crani otomy was performed to expose the cerebellum, and portions of the cerebellum covering the medulla were removed by suction. Immediately after the surgical operation, ether inhalation was discontinued and the animal was kept under light anesthesia with pentobarbital sodium (15 mg/kg i.v.) alone. The trachea was cannulated at the level below the cricoid cartilage. The internal branche of the superior laryngeal nerve (SL nerve) was cut bilaterally at the entrance to the larynx and was separated carefully from surrounding tissues about 3 cm long up to the nodose ganglion. The distal end of each was ligated with a cotton thread and tied to the distal lead of a collar-type electrode implanted for stimulation and recording. A monopolar tungsten microelectrode (electrolytically polished, about 2/t in diameter at the tip, insulated with polyurethane) was used for stimulation of the medulla. A silver-silverchlo ride plate was fixed at the neck muscle and was used as an indifferent electrode. The micro electrode was inserted into the medulla stereotaxically with a tilt of 20 degrees rostrally. Rectangular pulses were delivered from an electronic stimulator (Model MSE-40, Nihon kohden). The medulla was explored systematically: the electrode was moved step by step horizontally at 1.0 mm intervals and vertically at 0.2 mm intervals. The number of total penetrations in an animal was limited to be less than ten in order to avoid complications in identifying the sites of stimulation. Electrical stimulus of 1 msec pulses with 1-10 PA intensity, presented at a rate of 20 cps in a train of 5 sec duration. Train pulse stimulation with an intensity of about 10 pA was first applied to the locus to be tested and when a cough like response was obtained, the intensity was lowered step by step to determine the threshold for the response. The intensity of current was measured as an IR drop through a 5000 ohm resistor placed in series with the microelectrode. At least 5 min was allowed to elapse between applications of the stimuli, because the response was noted to decrease when the stimuli were repeated with an interval of less than 3 min. Criterion for a positive response was immediate explosive expirations upon stimulation with pulses of intensity less than 10 /AA.
Negative responses were acceptable only if positive cough-like responses were produced from other medullary sites in the same animal. Respiration was recorded by airflow thermistors placed in a tracheal cannula and an inkwriting oscillograph. Arterial blood pressure was monitored through a cannula in the femoral artery. Electro-myogram of the rectus abdo minis muscle was also recorded on the chart by a pair of needle electrodes inserted into the lateral part of the muscle. Threshold for the antidromic activation of the SL nerve by stimulating the medulla was also determined; a single pulse with an intensity of less than 10 IA and the duration of 1 msec was applied every 2 seconds through the microelectrode. The antidromically evoked action potentials of the SL nerve were led through a cathode follower to a dual beam cathode-ray oscilloscope (Model VC-7, Nihonkohden). Body temperature was kept between 36 C and 38' C by a radiant heater from above and by a heating pad placed underneath. In order to confirm location of the tip of the electrode, a DC current was passed through the stimulating electrode track. The brain stem was removed to make serial sections of 20 /t in thickness and stained with cresyl violet. The reactive points were identified with the aid of microprojection apparatus to make the composite map from the serial sections obtained from individual animals. As a reference antitussive agent, codeine phosphate was given intravenously. there were no noticeable differences in patterns between the centrally and peripherally evoked cough-like responses, although the frequency of expiration in the centrally induced response was a little higher than that in peripherally induced one. positive'). There was a tendency to locate positive points more easily in the rostral portion of the nucleus than in the caudal region.
3. Whether or not central cough-lke response is due to activation of the SL afferents?
The result described in the preceding section raises a question that the SL afferents to the STN could have been activated by medullary stimulation. If so, the medulla would have no special structures regarded as the cough center. This possibility was tested by comparing the threshold for antidromic activation of the SL nerve with that for the cough like response from medullary stimulation at each spot in the same preparations. Top tracings of Fig. 4 A-D illustrate the responses of the SL nerve evoked by the stimulation of the medulla with 4 different intensities of stimuli such as 1, 2, 6 and 81 A, respectively, and concomitant changes in respiration are shown in lower tracings. The threshold for the cough-like response due to the stimulation of the medulla was 2 /2A in this case, this being approximately equal to the current necessary for antidromic activation of SL nerve. The monopolarly recorded nerve action potential showed a single smooth hump with an average latency of 1.2 msec. In A, the current applied (1 1.iA) was below threshold for both cough-like response and nerve action potential. In B, an immediate expiration and a small nerve action potential were observed with an intensity of 2 /-IA. In C, two phases of ex piratory contraction were seen by 6 /eA current, the amplitude of the nerve action potential was increased, but still one half of the maximum was attained by 8 ,uA current. In D, the repeated explosive expirations (cough-like response) at the rate of one per second were demonstrated by 8 1 A current. Thus the current intensity for B was considered to be just were also susceptible to the same small dose of antitussive agents as used by Kase . Therefore, it appears that some of the Borison's results are due to excitation of the primary afferents as discussed affirmatively in his paper. Gunn et al. (10) reported that a cough-like respiratory change was elicitable from the nucleus ambiguus in cats and dogs. They also evoked the diving reflex from the STN , i.e., respiratory arrest and cardiac slowing. In the present experiment, however , coughing was not evoked when the nucleus ambigguus was stimulated. Further , respiratory arrest was observed only when the STN was stimulated with more than 101 A. This discrepancy may be ascribed to differences in the electrodes and stimulating strength employed.
In the present study, elicitation of cough by medullary stimulation failed without concomitant activation of afferent fibers. This strongly suggests that the cough reflex from the medulla oblongata is mainly due to direct activation of afferent fibers from the SL nerve. It is possible, however, that the neurons in this region and the incoming afferent fibers other than those from the SL nerve were activated concomitantly. Histological studies indicated that both thoracic vagus afferents and glossopharyngeal nerve terminated in the STN (11 , 12) .
It was also reported that an evoked potential with short latency was recorded in the STN by stimulation of the thoracic vagus nerve (13) . The slightly higher frequency of expiratory rhythm in cough response evoked centrally as compared with that evoked peripherally by SL nerve stimulation may be due to a possible concomitant activation of these structures. It may be stated however that there is no distinct neuronal cluster activated and solely responsible for the cough by such a weak stimulation as employed in the present study. The neurons responsible for coughs may be scattered diffusely in the medulla. The observation (to be published) that neurons in the STN simply followed SL nerve stimulation with a single or at most double spikes may also indicate that interneurons concerned with the formation of cough reflex, a rhythmic and tonic outflow to the peripheries, are not localized in the medulla. Recently Morest reported that the STN neurons have synaptic connections with the nucleus ambiguus and its adjacent regions (14) . Engelhorn and Weller have shown that ambiguus neurons discharge tonically during the SL nerve stimulation in cats (15, 16) . It may be conceivable that some of the neurons in and around the nucleus ambiguus play an important role in the cough reflex.
SUMMARY
The medulla oblongata was explored with microelectrodes in the cat to determine the area producing cough. Active loci capable of evoking the cough with the minimal intensity of current are localized in the nucleus tractus solitarius. The cough could not be elicited by medullary stimulation without concomitant activation of afferent fibers sug gesting the possibility that the cough reflex from the medulla oblongata is mainly due to direct activation of afferents from the superior laryngeal nerve.
